Radiation damage to a DNA-binding protein. Combined circular dichroism and molecular dynamics simulation analysis.
The E. coli lactose operon, the paradigm of gene expression regulation systems, is the best model for studying the effect of radiation on such systems. The operon function requires the binding of a protein, the repressor, to a specific DNA sequence, the operator. We have previously shown that upon irradiation the repressor loses its operator binding ability. The main radiation-induced lesions of the headpiece have been identified by mass spectrometry. All tyrosine residues are oxidized into 3,4-dihydroxyphenylalanine (DOPA). In the present study we report a detailed characterization of the headpiece radiation-induced modification. An original approach combining circular dichroism measurements and the analysis of molecular dynamics simulation of headpieces bearing DOPA-s instead of tyrosines has been applied. The CD measurements reveal an irreversible modification of the headpiece structure and stability. The molecular dynamics simulation shows a loss of stability shown by an increase in internal dynamics and allows the estimation of the modifications due to tyrosine oxidation for each structural element of the protein. The changes in headpiece structure and stability can explain at least in part the radiation-induced loss of binding ability of the repressor to the operator. This conclusion should hold for all proteins containing radiosensitive amino acids in their DNA-binding site.